The bauxite mineral obtained from Araku, Vishakapatnam district of Andhra Pradesh, India is used in the present work. Structural characterization was performed by X-ray diffraction (XRD). The mineral was found to be gibbsite in phase. The transitional metal ions present were investigated using electron paramagnetic resonance (EPR) and optical absorption spectra. The EPR results suggest that Fe 3+ has replaced Al 3+ in the unit cell of bauxite. The optical absorption spectrum is due to Fe 3+ which indicates that it is in distorted octahedral environment. The near-infrared (NIR) spectrum is due to water fundamentals and combination overtones, which confirm the formula of the compound. The impurities in the mineral are identified using spectroscopic techniques.
Introduction
Bauxite is an aluminium ore. It is clay like compound. The most common impurity in the bauxite is the iron in * Corresponding author.
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ferric state that results from the replacement of aluminium in the crystalline matrix. Gibbsite, disapore and boehmite are the three hydrates of alumina. Often gibbsite (Al 2 O 3 •3H 2 O) is the predominant mineral in bauxite. Further gibbsite is a stable form of the bauxite at lower temperatures, whereas at higher temperatures, disapore or boehmite is the most stable phase. In gibbsite, the fundamental unit of the structure is a layer of Al 3+ ions which are octahedrally coordinated with oxygens. All of the coordinated sites between the oxygen layers are occupied by cations. The layers may be regarded as built of octahedra linked laterally by sharing edges and network formed becomes an orthogonal structure. The structure of gibbsite is a distorted octahedron resulting in orthogonal cell with a = 8.64 Å, b = 5.07 Å and c = 9.72 Å [1] [2] . Vibrational spectroscopic techniques have been used in the characterization of bauxite-and seawater-neutralized bauxite residues [3] . The studies indicate that the ferric ion in bauxite residue could be identified by its characteristic NIR spectra.
Alumina (Al 2 O 3 ) is prepared from raw bauxite by a hydrometallurgical technique known as "Bayer process". Bauxite is leached under high temperature and pressure with sodium hydroxide solution. From the solution, the insoluble material also termed as red mud is separated. The precipitate is aluminium hydroxide then it is finally calcined to alumina. After that, alumina is subjected to electrolytic reduction to obtain pure aluminum. It is important to know the composition and mineralogy of bauxite deposits in order to evaluate the processability of the material. Detailed mineral characterization of bauxites can lead to the creation of effective processing options and can also be used to evaluate bauxite beneficiation techniques for ore quality enhancement before processing. The compositional analysis of different localities' bauxite sample had been reported and is given in Table 1 .
About 10 mg of bauxite sample was taken in an agate pestle and mortar. The mineral sample is finely ground like a face powder. The powdered sample is used in the present study for different spectral techniques. In the present study, we used pale yellow coloured bauxite originated from Araku, Vishakapatnam district of Andhra Pradesh, India and studied its structural properties including particle size and nature of metal-oxygen bond using X-ray diffraction (XRD), electron paramagnetic resonance (EPR), optical absorption and near-infrared (NIR) spectroscopic methods.
Characterization Techniques
The X-ray powder diffraction pattern of the bauxite was recorded in reflection geometry on a Philips X-ray diffractometer operating at 30 mA, 40 kV using a Cu-Kα (λ = 1.54060 Å) source at 25˚C and the instrument was operated in the range of 10˚ -75˚. Data were collected using a continuous scan rate which was then refined into 2θ of 0.02˚ per step.
EPR spectra of powdered bauxite sample was recorded at room temperature using a JEOL JES TE100 ESR spectrometer operated at the X-band frequency (υ = 9.31929 GHz) with a 100 kHz field modulation to obtain the first derivative EPR spectrum. DPPH (2,2-diphenyl-1-picrylhydrazyl) with a g factor value of 2.0036 was used as a standard for the calculation of the g factor.
An optical absorption spectrum of the mineral sample in a mull form was recorded at room temperature on a Carey 5E UV-Vis-NIR spectrophotometer in the range of 200 -2500 nm.
Band component analysis was performed using the Jandel "PEAKFIT" software package, which enabled the type of fitting functions to be selected and specific parameters to be fixed. Band fitting was conducted using a Lorentz-Gauss cross product function with a minimum number of component bands during the fitting process. The Lorentz-Gauss ratio was maintained at values greater than 0.7, and fitting was performed until reproducible results were obtained with squared correlations of r 2 greater than 0.9975. Figure 1 presents the XRD pattern of the bauxite sample recorded on the Philips diffractrometer at 25˚C. Peaks were characterized using the Scherrer formula. The peaks were very sharp, indicating good crystallinity of the compound. The list of X-ray peaks of the bauxite sample is presented in Figure 1 . The indexing of diffraction lines from various planes was similar to reported JCPDS file no 15-0776 [4] . Phase analysis study indicates that the major crystalline phase is gibbsite with a small amount of boehmite. The unit cell constants obtained from these peaks were a = 8.75 Å, b = 5.075 Å and c = 9.65 Å. Thus, the phase is a gibbsite. These values are similar to those reported for gibbsite mineral [7] . These results confirm that the mineral adopts a distorted octahedral rhombic structure. These values are similar to those reported for gibbsite mineral [7] . The X-ray density d x was calculated using the formula
Results and Discussion
XRD Results
where Z = 8 (number of molecules in a unit cell of gibbsite phase of the bauxite lattice), M is the molecular mass of the gibbsite (155.964 g/mol), N is Avogadro's number and V is the lattice volume of the sample [8] . The calculated X-ray density was 4.83 × 10 3 kg/mm 3 . The percentage porosity of sample was calculated using the relation, 1 100
with d being the bulk density of the material (for gibbsite, d = 3.55 g/cm 3 ) [9] . The calculated value of the percentage porosity was 27. The particle size of the compound is evaluated where D is the average particle size of the crystal, θ is the corresponding Bragg angle, λ is the wavelength of incident X-ray, 1 2 β is the full width at half the maximum (FWHM) height of the peak. The particle size of the crystal, calculated by XRD was 70 nm. 
EPR Spectral Analysis
EPR measurements are useful for obtaining information related to the location of the transitional metal ion impurities within the lattice of the natural bauxite sample. Figure 2 shows 
Optical Absorption Spectral Results
Optical absorption spectrum of bauxite is shown in Figure 3 from 200 -2500 nm at RT. Table 2 . Also the bauxite spectrum shows the bands at 8285 (1207 nm), 6770 (1477 nm), 6345 (1576 nm), 5820 (1719 nm), 5675 (1762 nm), 5170 (1935 nm), 4740 (2110 nm), 4400 (2275 nm), 4330 (2310 nm), 4260 (2348 nm), 4190 (2386 nm) and 4050 (2471 nm) cm −1 in the NIR region. These are analysed as follows: Water has C 2V symmetry. It gives three fundamental modes. They are ν 1 , ν 2 and ν 3 . ν 1 represents symmetric OH stretch, ν 2 the asymmetric OH stretch and ν 3 the H-O-H bend respectively. In vapour phase ν 1 , ν 2 and ν 3 occur at 3652, 1595 and 3756 cm −1 respectively [13] . The first overtones of the OH stretching of the vibrations appear in the region 1300 -1800 nm. The sample shows a maximum intensity broad band centered at 6770 cm −1 and a weak band at 6345 cm −1 . The complexity may be attributed to the combination of fundamental OH stretching and metal-OH deformation modes.
In the NIR, all the spectral features are due to the vibrations of the hydroxyl ion. Only two groups of bands are noticed in the region 1300 -1800 nm. These are 7460 to 6330 cm −1 and 5880 to 5680 cm −1
. Whenever water is present in any compound, in general, two characteristic bands appear around 7000 cm −1 due to 2ν 3 and 5200 cm −1 due to (ν 2 + ν 3 ). The first overtone and combinations of the stretching modes produce the numerous relatively sharp features centered at 6770 cm −1 and the combination of the stretching and bending modes produce the feature near 4350 cm −1 . When the bands are broad, it indicates that water molecules are relatively disordered and when the bands are sharp, it indicates that water molecules are located in well defined ordered sites [14] . The band observed at 5675 cm −1 is identified as ν 3 mode of H 2 O molecule. The maximum intense sharp band is at 4740 cm −1 and another sharp band is at 5170 cm −1 which are due to H-O-H bending and asymmetric OH stretching respectively. A very sharp band centered at 4330 cm −1 with shoulders on either side with almost equal intensity is noticed in this range. This band is assigned to the combination of OH stretching and Fe-OH vibration. The low wave number band near 4050 cm −1 may be attributed to Fe-OH units [15] .
Conclusions
1) XRD results indicated that the bauxite (gibbsite phase) had distorted octahedral crystal structure with lattice constants a = 8.75 Å, b = 5.075 Å, and c = 9.65 Å.
2) EPR results indicated that the bauxite (gibbsite phase) consisted of Fe 3+ ion which was in higher concentration.
3) Optical absorption spectrum was characterized by the Fe 3+ in the bauxite (gibbsite), which was in a distorted octahedral structure.
4) NIR results were due to the fundamental vibrations of water and OH units. These results are conclusively proving that the metal ion is placed in distorted octahedral environment with oxygen and water ligands.
